Abstract. Supply chain management in Industrialised Building System (IBS) construction management has significantly determined the successful of company and project performance. Due to the wide variety of criteria and vendor available, the vendor selection process for a specific project needs is becoming more difficult. The need of decision aid for vendor selection in other areas is widely discussed in previous research. However, study on vendor selection for IBS project is largely neglected. Decision Support System (DSS) is proposed for this purpose. Yet, most of the DSS models are impractical since they are complicated and difficult for a layman such as project managers to use. Research indicates that the rapid development of ICT has highly potential towards simple and effective DSS. Thus, this paper highlights the importance and research approach for vendor selection in IBS project management. The study is based on Design Science Research Methodology with combination of case studies. It is anticipates that this study will yield an effective value-for-money decision making platform to manage vendor selection process.
Introduction
Construction industry can be considered as one of the foundation in Malaysia economy. Due to the high demand of housing and infrastructure, Malaysia has progressively moved toward industrialisation. However, the traditional approach in construction is not parallel with this objective. Traditional approach is always led to construction problem such as delay, overrun cost, redesign, and low quality of project outcome. Thus, new approach and method of construction is significant to fulfil the need of housing and infrastructure development. Thus, the introduction of new approach in Malaysia construction industry such as IBS has been considered as solution to the construction problems [1] [2] [3] . IBS is a construction system that is built using pre-fabricated components. The manufacturing of the components is systematically done using machine, formworks, and other forms of mechanical equipment. The components are manufactured off-site and once completed will be delivered to construction sites for assembly and erection. Building system can be classified with four main categories [3] Composite system IBS attempts to expedite the execution of the project by providing materials to be produced and constructed readily at the optimum time. The role of purchasing in supply management has been acknowledged as one of the foundation towards the successful of construction companies particularly in IBS construction project. Purchasing from the right vendor can enhances efficiency and competitiveness of IBS project. In prefabrication process, problems related to supplier such as material shortage or late delivery of material can negatively affect the IBS project process. Thus, there is a need to assess supplier's suitability for a specific IBS project. Client may need to consider supplier selection criteria such as quality, delivery, cost/price, financial, technology, etc. For IBS project, other related criteria might also be considered such as ISO certification, product development, flexibility, reliability, and management ability. This scenario increases the challenges to select the right and effective vendor. Effectiveness refers to vendor who can supply the right amount of materials or services at the right time, at right price and the right quality.
Problem Statement
One of the important processes during planning is vendor selection. Little attention is given in literature for IBS vendor selection problem. Based in the literature, there are multiple characteristics and criteria for industrialized building materials vendor to be considered in the project; such as delivery time, logistic issues, erection process, cost of purchasing etc. It imposed a complex scenario where it requires the right decision to be made before selecting an appropriate vendor. Poor decision in vendor selection would negatively affect not only company performance, yet affecting project performance as well. The performance of a few IBS vendor in Malaysian construction industry is an issue where poor decision were made in awarding the contract [5] . Thus, there is a need to aid decision making for IBS vendor selection. Till date, the decision making tools for this problem area is still far immature as most were ad-hoc decision. Thus, we aim to develop a Knowledge Based Multi Criteria Decision Support System for IBS Vendor Selection Problem. This study will attempt to fill the gap by developing a decision making framework and prototype to foster better decision making in IBS vendor selection.
Related Work

Decision in supplier selection
Vendor or Supplier selection has gained much attention from researchers in numerous fields worldwide. This is due to the importance of an effective supplier selection in supply chain management. For example, purchasing share would influence 40-80% of the total turnover of company [6] . In addition, in IBS construction management, supplier plays significantly importance towards project performance. An ineffective supply chain management would negatively affect project performance and led to construction problem such as delay, overrun time and, cost [7] . Furthermore, selection of the right vendor is crucial process due to the vagueness, imprecision of goal and constraint in decision process [8, 9] . Due to the diversity of purchasing context, vendor selection also deals with tremendous criteria. For instance, a study has been conducted to compare the importance of supplier selection based on 110 research paper within 1991-2001 [9] . Their study revealed that there were some criteria were used consistently in vendor selection such as price, delivery, quality, production facilities and capacity, technical capability, geographical location, management, reputation and position in industry and, financial position. Other study also mentioned that criteria such as reliability, flexibility, consistency and long term relationship were also used 04018-p.2 frequently in other field [21] . However, in recent years, the new criteria emerge such as e-transaction ability [10] , integrity, professionalism, commitment, economic, political situation [8] , and environmental and social criteria [11] . The increasing of criteria in vendor selection has increase the complexity for this problem. As a result, various analytical techniques has been proposed. Previous research categorize vendor selection method into two groups i.e. single model and integrated model (Figure 1) . The above figure shows that Multi Attributes Decision Making (MADM) technique such as AHP, ANP, DEA, TOPSIS and, VIKOR dominates and capable of dealing with vendor selection problem. Thus, in order to enhance the vendor selection in IBS project management, we propose the integration of MADM method and DSS to be carried out.
Decision support system and applications in construction project management
DSS are computer programs that aid users in problem solving or decision-making environment. The system has detailed knowledge, data, models, algorithms, user interfaces, and control mechanisms to support a specific decision problem [13] . They are especially valuable in situations in which the amount of available information is prohibitive for the intuition of an unaided human decision maker. Furthermore, DSS can aid human cognitive deficiencies by integrating various sources of information, providing intelligent access to relevant knowledge, and aiding the process of structuring decisions. A
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04018-p. 3 lot of research on DSS in planning has been conducted to date in construction management [14] [15] [16] . However, most of the models are impractical since they are complicated and difficult for a layman such as project managers to use.
It is desirable to suppress those complexities in the models by an advanced DSS which can offer simple, effective and efficient tools towards better decision making. Some researchers only concentrate on model development and discards important computer science fundamentals, e.g. software engineering, information management and human-centred computing [14, 16, 17] . Some researchers have attempted to adopt computing essence in their model development [18] . However, they often imposed incorrect terms which led to erroneous concepts of software development modelling [19] . As a result, most of the models and methods are not being used or have limited impact for real-world decision making [20] . Nowadays, the trend of the cutting edge technology in ICT on cloud computing. The technology was named after the representation as a cloud, often described on a graphic representation of a network. Its concept on a large scale implies the use of the Internet in order to allow those interested to access virtual resources through which users can manage and control the services they have acquired. Thus, our proposed DSS will leverage the features in cloud technology to support mathematical approach for vendor selection problem In IBS project.
Methodology
Driven by the motivation and research objectives, Design Science Research Methodology (DSRM) will be utilised. Considering its capabilities to address issues pertaining to the design and development of an IT artefact, DSRM is well suited for the research involving system development. DSRM can also be used with case study approach in order to understand certain event or phenomena in depth [21] . In this research, we attempt to utilise a mix of case studies technique as strategy to demonstrates and develop DSS. Case study is chosen as a method to justify and validate the IT artefact. Hence, two case studies and software development process will be performed. Multiple of case study can enhance the development and validation of research rather than single case study. The descriptions of few main research activities are as follows.
Case study 1: Requirement gathering for DSS
The purpose of this activity is to deeply understand the requirements needed to develop DSS for a MCDM problem. Data will be collected through literature review. This phase is divided into three sub activities i.e. requirement elicitation, requirement analysis and System Design. The process in Case Study 1 mainly focuses on the aspect of Requirement Engineering. It concerned on the identification of the goals to be achieved by the envisioned system, the operationalisation of such goals into services and constraints, and the assignment of responsibilities for the resulting requirements to agents such as humans, devices, and software. There are six main categories of requirements that should be addressed which consist of (1) individual functionality, (2) business flow, (3) data, formats and information needs, (4) systems with other interfaces, (5) user interfaces, and (6) other constraints such as performance, reliability, and security
Requirements of DSS will be further analysed by using Case Study technique. To demonstrate a generic DSS architecture, it is proposed that a paper based decision modelling is conducted for vendor selection problem. A real case of IBS vendor selection problem in Malaysian construction industry will be selected to illustrate the modelling technique. As a result, mathematical decision model will be developed and validated by decision makers.
DSS development
Based on the previous software requirement in Case 1, DSS is proposed to incorporate model management, database and user interface.
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Case study 2: Usability evaluation and validation of DSS
Case Study 2 focuses on the evaluation of DSS for IBS vendor selection by decision makers. In this phase, the current practice result will be compared to DSS prototype output. Then a usability testing will be performed to assess its usability and utility. A set of heuristics questionnaire will be established. This iterative process will be followed by unstructured interview to capture stakeholder and enable them to "think aloud". The DSS prototype will be revised based on experts recommendations. Figure 2 below illustrates the conceptual concept of proposed DSS as mentioned in case 1 and 2 above. 
Discussion and Conclusion
Vendor selection has been addressed as foundation towards an effective supply chain in numerous fields including construction. In recent years, the role of vendor selection has gained much attention. In Malaysian Construction Industry particularly for IBS, supplier/manufacture is one of the main project stakeholders who determined the successful of project. This is because IBS project is based on prefabrications method. Any disruption in supply chain such as material shortage or delay can automatically affect project process. In addition, issues regarding poor vendor performance are also raised. Hence, there is a need to select the right vendor to expedite the execution of the project by providing the materials for the project to be produced and constructed readily at the optimum time. Our study aims to develop knowledge base multi-criteria Decision Support System to profile and select the right IBS vendor to cater the need of Malaysian construction industry. Driven by the motivation and research aims, this study will base on case study and DSRM. Real case projects will be used to demonstrate the decision making framework. The data collection will include documental analysis and interviews with stakeholders. On the other hand, the implementation process involves the design of vendor profiling, implementation and evaluation of cloud based multi-criteria DSS. Unlike other DSS implementation in the literature, this DSS toolkit will be developed by using the latest cloud computing technology to solve IBS vendor selection in an innovative way. The artefact can be generalized to solve other type of multi criteria decision making problem which potentially foster a better quality, value-for-money and transparent decision making process.
